were the first to show, by means of the Haldane-Priestley method, or some modification of it, that the partial pressure of CO2 in the alveolar air falls with increasing acidosis, and during coma reaches a very low point, and when low can be raised by the administration of sodium bicarbonate. Confirmatory results have been made Straub [4], and by Fridericia [2], though the values they obtained were never so low as some of those obtained by Beddard, Pembrey, and Spriggs. Other Continental observers have established the same general conclusions by other methods.
In the course of somne work on the true reaction of the blood in diabetes, I had occasion to determine the composition of the alveolar air in several patients [3] . Sinilar results were obtained to those just mentioned, and it seemed worth while to continue the work, in order t o see if the results would be of value as a guide to prognosis and treatment in diabetes.
It was, in the first place, essential to use somne apparatus suitable for clinical work; the previous work had been nmostly carried out by means of Haldane's gas analysis apparatus, which is somewhat complicated. A very satisfactory apparatus has been devised by Dr. L. S, Poulton: C02 in Alveolar Air of Diabetics Fridericia, of Copenhagen, which allows of determinations being made with a sufficient degree of accuracy within the space of ten minutes.'
Theoretical.-The value of alveolar determinations as a test of acidosis is based on the theory of neutrality regulation-i.e., the power of the organism to preserve the slightly alkaline reaction of its arterial blood at a nearly constant level. In diabetes, where there is an increased production of unusual acids, at least three mechanisms are brought into play to counteract their effect:
(1) The acidity of the urine is increased.
(2) There is an increased formation of ammonia.
(3) The CO2 percentage of the alveolar air is lowered. It is the last factor which is particularly important in the present connexion, and which has only lately been realized owing to the work of Haldane, Barcroft, and Hasselbalch.
The venous blood gives off into the alveoli of the lungs its excess of C02, and this is prevented from accumulating by the respiratory ventilation. In health the latter is so adjusted that the percentage of CO rema.ins at a constant value, between 5 and 6 per cent.
The arterial blood leaves the lungs saturated with CO2 corresponding to its partial pressure in the alveoli. By the simple expedient of increasing the pulmonary ventilation, the percentage of CO2 in the alveolar air will be diminished, without necessarily altering very much the actual quantity given off by the lungs, which depends solely on the body metabolism. Inasmuch as the alveolar CO2 is lowered by this means, the amount contained in the arterial blood will be diminishedi.e., the arterial blood will become more alkaline.
In diabetes, when the acidosis is severe, the respiratory centre is stimulated, so that the pulmonary respiration is increased, and the diminution of CO2 in the arterial blood compensates for the quantities of aceto-acetic acid and 3-oxybutyric acid in the circulation. Hence the amount of CO2 in the alveolar air changes inversely as the amounts of these unusual acids present, and thus it can be taken as a measure of the acidosis. Summnary of Results.-Observations have been carried out on fifteen patients during the last year, nine of whom died in coma. An analysis of the results shows that values of between 4 and 6 per cent. for the alveolar CO2 are obtained in those cases where the acidosis is small in I understand that it can be obtained of Messrs. Paul AltmanD, Luisenstrasse, Berlin. The apparatus I have used was made for me by the Scientific Glassblowing Co., Red Lion Passage, Red Lion Square, High Holborn, amount or else completely absent. These are the milder cases which are in no danger, at any rate for the time being, of passing into coma. Values of between 2 5 and 3 5 per cent. represent a more dangerous state, although under the most unfavourable conditions coma will not supervene within less than forty-eight hours. Values of below 2 5 per cent. indicate the early onset of coma, possibly within forty-eight hours, unless drastic measures are taken. In one case the alveolar CO2 was found to be 2 35 per cent. (mean of two determinations), and as a result of administering 2i oz. of sodium bicarbonate pve os, in the twenty-four hours, the percentage rose to 4 4. The diet contained 4 oz. of carbohydrate. In this case the coma was temporarily averted; death occurred a month later. In three cases the alveolar air was actually analysed during coma, being collected by the Hasselbalch method; the values obtained were 10, 09, and 1P5 per cent.
Advantages of the lIlethod.-Another method that has been used to estimate the acidosis in diabetes is the determination of the total quantity of ammonia excreted during twenty-four hours in the urine. This is often impossible to accomplish in an urgent case seen for the first time. An expedient sometimes adopted is to determine the ratio of the ammonia to the total nitrogen in a sample of urine. However, the results by this method are often uncertain, owing to variations in the nitrogen content of the food. But there is the possibility of error from another cause. The ammonia of the urine depends first on its production in the body, and secondly on its excretion by the kidneys. If either of these functions is disturbed, the values obtained will fail to give a true estimate of the acidosis. On the other hand, alveolar air determinations have the great advantage of indicating the actual state of acidosis of the blood at the time, owing to the extreme sensitiveness of the respiratory centre to excess of acid. Fridericia's method can be easily and rapidly carried out, and the results are sufficiently accurate for clinical work. Dr. CAMMIDGE said that the method Dr. Poulton had demonstrated appeared likely to be of considerable value, for it enabled one to determine with ease and rapidity a figure which was correlated to the degree of acidity existing in a diabetic at any particular time. This, considered in conjunction with the result of an estimation of the sugar content of the blood by one of the rapid methods now available, placed one in a much better position for diagnosing and classifying cases of glycosuria seen for the first time or under circumstances where a twenty-four-hour specimen of urine could not be obtained. The determination of the degree of acidosis by analysis of the urine, even when a twenty-four hours' sample was available, was not by any means an ideal method; the direct estimation of the acetone bodies was much too long a process to carry out as a routine, while the indirect method of inferring the acidosis from the amount of ammonia nitrogen present was open to several objections. In the first place, ammonia was not the only base with which the acids present in the blood of diabetics combined, calcium and magnesium being largely used in some cases, especially when tuberculosis was associated with diabetes; secondly, the titration method of Malfatti included the amino-acids as well as the ammonia. In some cases of diabetes the amino-acid nitrogen might constitute half the so-called ammonia nitrogen as measured by this method, leading to a very incorrect conclusion as to the acidity. In his opinion, however, the amino-acid content of the urine was quite as important from the point of view of prognosis as the quantity of acetone bodies, but they should be separately estimated. One drawback to the method Dr. Poulton had demonstrated appeared to be that some experience and practice were required to obtain a reliable sample of the alveolar air, so that with children and nervous or stupid patients misleading results might be given. From what he had been able to gather from the charts shown on the screen it would seem that a fall in the C02 content of the alveolar air which the author of the paper regarded as dangerous occurred only a short time before the onset of coma, and often with comparative suddenness, whereas a comparison of the results of regular daily analyses of the urine generally gave considerable warning of a tendency in that direction. The administration of alkalis obviously influenced the result, but he would like to know whether muscular activity, the nature of the diet, the time at which food was last taken before the observation was made, and the type of individual, also affected the result, since the work of Benedict and Joslin and others had shown that these were important factors in determining the output of C02 and the consumption of oxygen in diabetes.
Dr. GEORGE GRAHAM said that he had used the clinical method described by Dr. Poulton and had found it easy to work with. He had not yet examined a sufficient number of cases of diabetes to be able to draw any conclusion from his results.
Dr. POULTON, in answer to Dr. Cammidge, said he would like to refer to Hasselbalch's work.' He had shown that the alveolar C02 in healthy individuals at different times of the day was remarkably constant, and this was the case whether the subject was taking an ordinary mixed diet or non-carbohydrate diet, or a vegetable diet. He (Dr. Poulton) was unable to say whether the same constancy occurred in severe cases of diabetes, but in one case he investigated there were remarkable variations in the alveolar C02 on successive days. Change of diet produced an undoubted effect on the alveolar C02 of healthy individuals. In one case the percentage was 4'5 on a non-carbohydrate diet, and this rose to 5'5 on an ordinary mixed diet. In severe diabetes the changes might be still more marked, as was indicated by the fact that coma might supervene in cases where the diet was too rigid. However, the possible variations in the alveolar C02 did not much matter if the alveolar air was to be taken as a guide to prognosis and treatment, because, according to the theory sketched in the paper, the alveolar C02 gave a measure of the actual acidosis present in the blood at the time, and this was what must be treated. If the alveolar CO2 was very low the appropriate measures should be taken, such as the addition of carbohydrate to the diet and the administration of sodium bicarbonate. It had often been stated that the body endeavoured to neutralize its acidosis by the excretion of an excess of calcium sodium and potassium salts in the urine. Such an excretion undoubtedly occurred, but it must be very ineffective from the neutralizing point of view, as if the bases arose from a neutral salt in the organism, an equivalent amount of acid must remain behind, which must itself be neutralized by the organism. In fact, it would seem that the only effective salts to utilize would be carbonate, as the remaining CO2 would be removed by the lungs; but this occurred when the pulmonary ventilation was increased and the alveolar CO2 was lowered; so that it was possible that the increased output of inorganic bases was only the expression of the lowered alveolar CO2, a subject which had already been discussed. In one case Dr. Kennaway estimated the total acetone bodies. These figures had been published already.2 The method used was a modification of Schiiffer's method. 'Biochem. Zeitschrift, Berl., 1912, xlvi, p. 403. 2 Loc. cit.
